Abstract: Olea europaea L. subsp cuspidata (Wall. ex G. Don) Cif., an endangered tree species in dry Afromontane forests, has multiple uses in local communities in Ethiopia, making it susceptible to overexploitation. The study investigated the rates and causes of O. europaea harvesting in the Hugumburda National Forest Priority Area (NFPA). We measured the diameter at stump height of harvested stumps from 70 (20 × 20 m) plots and estimated the time since cutting to determine the biomass of O. europaea wood harvested annually in the forest. We performed a socioeconomic survey of the reasons for wood harvesting by conducting 163 stratified random individual interviews in the villages surrounding the forest. The average annual quantity of O. europaea wood illegally harvested from the forest was estimated to be 430 kg ha −1 , mainly for farm implements, fuel wood, and fumigation purposes. The results of a General Linear Model (GLM) show that the extraction of O. europaea wood in the forest is higher at higher elevations than at lower, and the number of O. europaea stumps in the forest is higher at an intermediate distance to the villages. We show that O. europaea is harvested in the forest despite the fact that the forest is protected. Permanent sample plots should be established to monitor the increment.
Introduction
Dry Afromontane forests are dominant in Ethiopian highlands [1, 2] . The highlands cover more than 50% of the country's total area, and common practices there are crop production and livestock rearing [2, 3] . Illegal logging and agricultural land expansion towards the forest edge are the main factors contributing to forest degradation [4] [5] [6] . The energy demands of the increasing population are mainly supported by biomass [7, 8] , which is derived from fuel wood, agricultural residues, and cow dung. Most people in the local communities cannot afford alternative energy sources [9] , and the low incomes earned by rural families are often inadequate to meet their basic needs. As a result, forests close to the local communities have been affected by illegal logging both for home consumption and as a means of generating income [10] . The illegal harvesting of wood may lead to the destruction of the forests, and therefore the Ethiopian government has declared and implemented policies for managing
Materials and Methods

Study Area
Hugumburda National Forest Priority Area (12 • 36 N, 39 • 31 E) is situated in the southern part of Tigray Region, Ethiopia. The altitudinal range is 1860-2700 m a.s.l. (meters above sea level) [12] . Average daily temperatures are in the range of 14.6-22.4 • C, with a minimum of 8.8 • C in October and a maximum of 34.3 • C in June, and the average annual rainfall is 705-986 mm [13] . The forest was designated as a National Forest Priority Area in 1993 [11] .
The forest is located ca. 630 km north of Addis Ababa, the capital of Ethiopia. There are four districts bordering the forest: Alamata, Endamehoni, Ofla, and Raya Azebo. The extraction of any resources within the forest except dead wood and cactus fruit is forbidden by law.
Data Collection
Ecological Survey
We compiled a forest inventory to enable us to estimate the extent of the harvesting of O. europaea in Hugumurda Forest. Initially, a reconnaissance survey was performed to identify O. europaea-dominated areas of the forest. Then, 70 sample plots (20 m × 20 m) ( Figure 1 ) were laid out in O. europaea-dominated areas in which all O. europaea stumps could be counted and their diameter at stump height (DSH) measured, in order to estimate the aboveground biomass of the wood that had been cut and removed from the forest. The plots were marked ca. 100 m apart along parallel transects placed perpendicular to three local terrain ridges, with each transect running from the top to the bottom of the ridge. The distance between neighboring transects was ca. 150 m. The time since harvest (hereafter referred to as stump age) of each stump was estimated by the freshness of exposed wood and coppices, in order to estimate the annual harvest rate. Stumps with freshly exposed wood and without coppices were estimated as one year old. The age of stumps with older exposed wood and small sprouts was estimated as two years old, and those with coppices and signs of decomposition were estimated to be more than two years old. We roughly determined the purpose of illegal harvesting on the basis of the stump diameters (i.e., DSHs). Local farmers and forest guards assisted us with stump age estimation and identification of the reason for cutting. Other information collected from each plot included slope and elevation measured at the center of each main plot with a clinometer and a handheld GPS respectively. By overlaying 70 plots in Google Earth software version 7.2 (Google, California, CA, USA), we were able to measure the distance from each sample plot to the nearest 
Socioeconomic Survey
We conducted a socioeconomic survey in three villages to assess human activities relating to the harvesting of O. europaea in the reserve. Three villages, Kukufto, Hashenge, and Tahtay Haya, were selected from the three neighboring districts of Raya Azebo, Ofla, and Endamehoni, respectively, based on their proximity to the forest. In order to avoid sampling bias, we did not conduct a socioeconomic survey in Hugumburda village because some of the households lived within the forest. Representatives of 162 households and 54 respondents from each village were interviewed. Systematic stratified sampling was used to select households, with the aim of including both genders and different economic statuses, age classes, and educational backgrounds. A semi-structured questionnaire was developed and pre-tested twice. The survey was conducted from March to May 2016.
The questionnaire was designed to provide demographic information, such as gender, age, education, profession, job type, economic status, marital status, and different uses of O. europaea wood; frequency of using O. europaea wood; and places where the household obtained O. europaea wood for different purposes. The age of each respondent was classified into one of four age groups: 15-24 years, 25-44 years, 45-64 years, and 65+ years. The data were collected by conducting face-toface personal interviews in the local language, Tigrigna.
In addition, direct preference ranking was done to identify the local community preference for plant species for fuel wood and traditional toothbrush uses. The names of common plants were listed and the respondents were divided into 16 groups, each with 9-10 respondents, and requested to rank their preferences for fuel wood and cleaning teeth use. After the ranking was completed, the scores for each species were counted and the preference list was compiled on the basis of the highest score.
Additionally, a fuel wood market survey was conducted to quantify the amount of O. europaea wood products being traded at the local markets. In addition, the market price for the same products in Mekelle, the capital of Tigray, was assessed for comparison. During the survey, 12 O. europaea wood sellers were found in two marketplaces, Shoko Majo and Kukufto, located in Endamehoni and 
The questionnaire was designed to provide demographic information, such as gender, age, education, profession, job type, economic status, marital status, and different uses of O. europaea wood; frequency of using O. europaea wood; and places where the household obtained O. europaea wood for different purposes. The age of each respondent was classified into one of four age groups: 15-24 years, 25-44 years, 45-64 years, and 65+ years. The data were collected by conducting face-to-face personal interviews in the local language, Tigrigna.
Additionally, a fuel wood market survey was conducted to quantify the amount of O. europaea wood products being traded at the local markets. In addition, the market price for the same products in Mekelle, the capital of Tigray, was assessed for comparison. During the survey, 12 O. europaea wood sellers were found in two marketplaces, Shoko Majo and Kukufto, located in Endamehoni and Raya Azebo districts, respectively. Each marketplace was represented by six wood sellers and they were interviewed about the quantity of O. europaea wood and the price at the local market. In addition, the same fuel wood survey was conducted to five marketplaces (Aider, Adiha, Adihawsi, Lachi, and Ashirte shewuate) in Mekelle town. Seven O. europaea wood merchants from each of the markets, 35 in total, were interviewed. The amount of O. europaea wood traded in the fuel markets was quantified by weighing each bundle and converting the local unit of measurement (bundle of wood) into kilograms.
Data Analysis
Data Preparation
To determine the quantity of O. europaea wood harvested annually (hereafter called the harvesting rate), we summed the aboveground biomass of all O. europaea trees cut during the last year (i.e., stumps classified as one year old). The sum of individual tree aboveground biomass was divided by 0.04 to find the harvested biomass in kg ha −1 year −1 for each sample plot, since all sample plots were 400 m 2 .
The aboveground biomass (AGB) of O. europaea wood harvested in Hugumburda forest was calculated using the allometric equation developed by Parent [20] for oven-dry biomass of O. europaea trees in Ethiopia:
where AGB = aboveground biomass of individual O. europaea tree (kg) and DSH = the diameter at stump height (cm). The estimated biomass did not include roots and foliage.
Statistical Analysis
The ecological dataset was first subjected to exploratory analyses following Zuur et al. [21] , to check for outliers and collinearity between candidate explanatory variables and to explore the relationships between the response and candidate explanatory variables. To avoid collinearity, we made a correlation matrix with correlation coefficients (r) for all possible pairs of candidate explanatory variables. Pearson correlation coefficients test were used for the continuous explanatory variables.
We used two different estimates of harvested amount (number of stumps and harvesting rate) because they were not strongly correlated (Pearson correlation: r = 0.53, p < 0.001. This is not so surprising, given that the diameter distribution of harvested O. europaea trees was quite variable. This means that for example 10 random samples of 10 harvested trees, would have a high among-samples variation in biomass. The two different estimates of harvested amount were influenced by different explanatory variables. By using only one of them, we would miss interesting patterns of association with the explanatory variables. Therefore, we chose to use both of them.
To determine whether there was a relationship between the harvesting rate of O. europaea (i.e., the quantity of O. europaea wood harvested from the forest annually) and the explanatory variables, we fitted a general linear model (GLM) with an identity link function, assuming a Gaussian distribution of errors. Explanatory variables included in the full model were elevation, slope, distance to nearest village, and the second power of each of these variables, to capture "humped-backed" relationships detected in the exploratory analyses.
To determine whether there was a relationship between the number of harvested stumps of O. europaea and the explanatory variables, we fitted a generalized linear model (GLM) with log link function, assuming a Poisson distribution of errors. However, this model was overdispersed (generalized Pearson statistic (gPs) = 4.01); therefore, we refitted the model with a negative binomial GLM (gPs = 0.99). Explanatory variables included in the full model were elevation, slope, distance to nearest village, and the second power of each of these variables, to capture "humped-back" relationships detected in the exploratory analyses.
Initially, we did not consider number of stumps as a response variable because harvesting rate was calculated from the number of stumps. However, during data exploration, we found that number of stumps had a strong relationship with distance from the nearest village but harvesting rate did not have a similarly strong relationship. Therefore, we performed separate analyses for the two variables, assuming both variables as a response variable, to determine how harvesting rate and number of O. europaea stumps were related to slope, elevation, and distance to nearest village.
To determine whether the probability that a household harvested O. europaea wood directly from the forest ("yes" or "no") was influenced by the candidate explanatory variables sampled in the socioeconomic surveys (Table 1) , we fitted a GLM, assuming a binomial distribution of errors and using the logit link function. Many of the candidate explanatory variables were strongly correlated (i.e., collinearity problem) and not significant to the response variable during the single variable model selection. Therefore, only explanatory variables that had a statistically significant influence (p < 0.05) on the response in the single variable models were included as explanatory variables in the full model. Among the candidate explanatory variables described in Table 1 , only the variables "Use of O. europaea wood for fuel wood," "Villages," "Household head," and "Frequency of use of O. europaea wood for fumigating the home" were included as explanatory variables in the full model, with "Likelihood of harvesting O. europaea from Hugumburda forest" as a response variable. The other candidate variables were not included in the full model, either because they had no significant influence on the response variable in single-variable models (p > 0.05), or because they were strongly correlated (r > 0.7) with one or more of the explanatory variables (indicated in bold in Table 1 ). Polychoric correlation tests [22] , i.e., tests of association between ordinal variables, were used to identify correlations between candidate categorical explanatory variables in the socioeconomic dataset: village; age class; family size; education level; household head; marital status; economic status; places to collect O. europaea wood for fuel wood, fumigation, and farm implements; use of O. europaea wood for fuel wood, fumigation, and farm implements; frequency of use of O. europaea wood for fumigation; and whether or not O. europaea trees were planted in the backyard (Table 1 ). In cases of correlation (r > 0.7) between two candidate variables, we selected the variable most strongly correlated with the response (i.e., the highest r-value) for inclusion in the full (most complex model), while at the same time avoiding collinearity with other variables. Table 1 . Description of response and candidate explanatory variables used in the model within the socioeconomic dataset. Only explanatory variables in bold were included in the full model explaining the Likelihood of harvesting Olea europaea (Wall. ex G. Don) Cif. from Hugumburda Forest. The other variables were not included in the full model, either because they had no significant influence on the response variable or because they were strongly correlated (r > 0.7) with one or more of the variables in bold. For the generalized linear models, we carried out model selection by stepwise variable selection procedure, which retains or drops explanatory variables to produce a model that minimizes the Akaike information criterion (AIC) using the stepAIC function in the MASS package in R. The model was fitted using the package in R version 3.4.4 software (R Core Team, Vienna, Austria, 2018).
Responses collected during preference ranking were used to identify the plants that were most important for fuel wood and cleaning teeth from the woody species in the forest. The respondents' scores were counted and ranked from the highest to lowest. Descriptive statistical methods were used to summarize the data.
The fuel wood data collected from the market places were used to show the demand for O. europaea wood in the rural villages and big town such as Mekelle. Accordingly, the average price was estimated for each O. europaea wood bundle weighed from seven local merchants and 35 Mekelle town fuel wood merchants.
Results
Amount of O. europaea Wood Harvested
The stump survey revealed that the average annual O. europaea wood harvest rate was 430 kg/ha of the surveyed part of Hugumburda Forest. The 95% confidence interval for this estimate was between 250 kg/ha and 620 kg/ha. Given that the total forested area in the study area was 8103 ha, the total biomass of O. europaea wood harvested in the reserve during the study period was probably between 2000 and 5000 tons.
A frequency distribution plot of the diameter classes shows that the frequency of cutting O. europaea trees with small diameters (1-4 cm) was higher than for those in the large diameter classes (5-13 cm) (Figure 2 ). This might have been due to the high abundance of small O. europaea trees in Hugumburda forest. For the generalized linear models, we carried out model selection by stepwise variable selection procedure, which retains or drops explanatory variables to produce a model that minimizes the Akaike information criterion (AIC) using the stepAIC function in the MASS package in R. The model was fitted using the package in R version 3.4.4 software (R Core Team, Vienna, Austria, 2018).
Results
Amount of O. europaea Wood Harvested
A frequency distribution plot of the diameter classes shows that the frequency of cutting O. europaea trees with small diameters (1-4 cm) was higher than for those in the large diameter classes (5-13 cm) (Figure 2 ). This might have been due to the high abundance of small O. europaea trees in Hugumburda forest. Figure 2 . Number of Olea europaea (Wall. ex G. Don) Cif. stumps in different diameter classes in Hugumburda Forest. DHS class 1 = 0-2.9 cm; 2 = 3-5.9 cm; 3 = 6-8.9 cm; 4 = 9-11.9 cm; 5 = 12-14.9 cm; 6 = 13-17.9 cm; 7 = 18-20.9 cm; 8 = 21-23.9 cm; 9 = 24-26.9 cm; 10 = 27-29.9 cm; 11 = 30-32.9 cm; 12= 33-35.9 cm; 13 = 36-38.9 cm. europaea cut stumps DSH classes Figure 2 . Number of Olea europaea (Wall. ex G. Don) Cif. stumps in different diameter classes in Hugumburda Forest. DHS class 1 = 0-2.9 cm; 2 = 3-5.9 cm; 3 = 6-8.9 cm; 4 = 9-11.9 cm; 5 = 12-14.9 cm; 6 = 13-17.9 cm; 7 = 18-20.9 cm; 8 = 21-23.9 cm; 9 = 24-26.9 cm; 10 = 27-29.9 cm; 11 = 30-32.9 cm; 12 = 33-35.9 cm; 13 = 36-38.9 cm.
Factors Influencing the Amount of O. europaea Harvested
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The general linear model explained 11% of the variation in the harvesting rate of O. europaea (Table 2) . Annual harvesting rate of O. europaea was positively related to elevation in the forest (Figure 3 ). For instance, the annual harvesting rate increased by 100 kg/ha when elevation increased 2300-2400 m a.s.l. This might have been due to the high abundance of O. europaea trees at higher altitudes (Table 2 and Figure 3) . The general linear model explained 11% of the variation in the harvesting rate of O. europaea (Table 2 ). Annual harvesting rate of O. europaea was positively related to elevation in the forest ( Figure  3 ). For instance, the annual harvesting rate increased by 100 kg/ha when elevation increased 2300-2400 m a.s.l. This might have been due to the high abundance of O. europaea trees at higher altitudes (Table 2 and Figure 3) . The general linear model explained 17% of the variation in the number of O. europaea stumps. There was a "humped-back" relationship between the number of O. europaea stumps and distance from the nearest village (Table 3) . For instance, the number of stumps increased when the distance from the nearest village increased from 1 km to 2 km. However, the number of stumps showed a decreasing trend when the distance increased from 2.5 km to 4 km (Figure 4) . The general linear model explained 17% of the variation in the number of O. europaea stumps. There was a "humped-back" relationship between the number of O. europaea stumps and distance from the nearest village (Table 3) . For instance, the number of stumps increased when the distance from the nearest village increased from 1 km to 2 km. However, the number of stumps showed a decreasing trend when the distance increased from 2.5 km to 4 km (Figure 4) . 
Household Consumption of O. europaea Wood
The three case villages represented 54% (Kukufto), 28% (Hashenge) and 18% (Tahtay Haya) of the total number of households (7011) in those villages. The majority of respondents interviewed (96%) in the villages confirmed that fuel wood was their main source of energy (Table 4) . According to the preference ranking of plant species, Cadia purpurea Willd. and O. europaea were the villagers' preference for fuel wood; only 3% of the respondents used cow dung, and only 1% used electricity. 
The three case villages represented 54% (Kukufto), 28% (Hashenge) and 18% (Tahtay Haya) of the total number of households (7011) in those villages. The majority of respondents interviewed (96%) in the villages confirmed that fuel wood was their main source of energy (Table 4 ). According to the preference ranking of plant species, Cadia purpurea Willd. and O. europaea were the villagers' preference for fuel wood; only 3% of the respondents used cow dung, and only 1% used electricity.
In addition to fuel wood, the preference-ranking analysis was also conducted to rank the most common plant species used for oral hygiene (traditional toothbrush). During the interviews, seven of the most important plant species for fuel wood and six for cleaning teeth use were identified among 40 woody species from the forest. O. europaea and Dodonaea viscosa (L.f.) Benth. var. angustifolia were the main species preferred by the villagers (Table 5) . Table 4 . Energy sources and plant species used for cooking (fuel wood) ranked by the respondents' preferences. 
Types of Energy
The Main Uses of O. europaea Wood
The majority of respondents indicated that fuel wood, fumigation, and farm implements were the three main uses of O. europaea wood. For fuel wood, both the stem (80.7%) and branches (69.2%) were ranked as the main parts of the trees that were preferred and the leaves (3%) were the least preferred part. For fumigation, both the stem (90.3%) and the roots (74.1%) were the main preferred parts and the bark (0%) was not used at all. For making farm implements, branches (77.7%) were ranked as the main preferred part of O. europaea, the stem (50%) was the second most preferred part, and the least preferred part were the roots. When we asked respondents whether they used O. europaea wood for different purposes, the majority (83%) responded that they used it for fumigation, and almost as many (76%) said they used it for making farm implements.
In the local markets, 1 kg of O. europaea wood was sold at a price of 6.56 ± 1.92 Ethiopian Birr (ETB), yet in Mekelle town the price was 3.9 ± 0.51 ETB. The prices were converted from ETB to United States dollars (USD), using an exchange rate of 1 USD to 21.59 ETB (April 2016 exchange rate). Therefore, 100 kg of O. europaea wood at the local wood market was estimated as having a value of 30.89 ± 8.91 USD, which was more than the equivalent price per 100 kg at Mekelle town's wood market (17.94 ± 2.38 USD).
Both the geographical location of a household and its use of O. europaea for firewood affected the likelihood of the household's members harvesting and collecting O. europaea wood directly from the forest (Table 6 and Figure 5 ). There was a highlight probability of people living in Kukufto harvesting O. europaea from the forest compared with people from Tahtay Haya and Hashenge, and people from the Hashenge forest had the lowest probability of harvesting O. europaea from the forest. Households that used O. europaea for firewood were more likely to obtain the wood directly from the forests than were households that did not use it for firewood. 
Discussion
We estimated that a quantity of 2000-5000 tons of O. europaea wood biomass was harvested from 8103 ha of Hugumburda Forest during 2016 (i.e., the study year). Since our sample plots were located in parts of the forest where the species was abundant, the actual removal might have tended towards the lower end of this interval. To our knowledge, no estimates of increment or yield of O. europaea in Hugumburda Forest have been made to date. However, the reported mean annual increment (MAI) of O. europaea in Desa'a dry Afromontane forest (a similar forest type to Hugumburda Forest, located in same region) is 1.083 m 3 ha −1 [23] . If this estimate were applied to the forest area of Hugumburda, the total increment of O. europaea would be more than 8700 m 3 per year. Using the basic specific gravity of 0.72 [24] , 8700 m 3 is equal to 6300 Mg of biomass. This indicates that removal is below the estimated increment and that the ongoing illegal harvest is not seriously degrading the population of O. europaea in the forest. However, this estimate is rather speculative. Based on the interviews, we found that the O. europaea wood harvested was used for different purposes, including farm implements, fuel wood, and fumigation. An ethnobotanical study conducted by Kidane et al. [13] revealed that O. europaea tree is a multipurpose species in the study area. According to previous studies, the hard and heavy wood is useful for farm implements [25] . In addition, many households use O. europaea wood for firewood or making charcoal because it burns slowly and has a high calorific value with little smoke [10, 26] . The chemical components of wood and leaves [27, 28] make the tree attractive for fumigation and cleaning teeth. The logs used for farm implements were medium-sized, whereas there was no size preference for fuel wood. By contrast, large logs were preferred for fumigation, possibly because of the villagers' belief that large O. europaea logs had more effective medicinal value than did small ones. However, we could not find any evidence of suggested log size for fumigation use in previous studies.
The O. europaea stump diameter distribution shows that small trees were cut more frequently than were large ones, and the reason could be the population dynamics of the species, as similar size 
The O. europaea stump diameter distribution shows that small trees were cut more frequently than were large ones, and the reason could be the population dynamics of the species, as similar size distributions have been found in most non-regulated tree populations [29, 30] . Therefore, the harvesting pattern might simply have been a result of natural availability. Another explanation could be that small trees were easier to cut with the tools available, and were therefore used for firewood [31] . During the interviews, we also noted that the local people did not have any special size preference regarding the species used for fuel wood. In addition, since the forest is at its secondary succession [12] , perhaps any large trees in the reserve had been cut a long time ago.
The positive relationship between the harvesting rate and elevation may be due to the high abundance of the species at higher elevations. Kidane et al. [32] observed that the abundance of different tree species, including O. europaea, was higher at higher elevations in the same forest.
We found a positive relationship between the number of stumps and distance from the nearest village up to ca. 2.5 km, but for longer distances the relationship was weaker. This finding shows that most trees have been cut at intermediate distances (ca. 1.5-2.5 km) from the nearest village during recent years. According to Kidane et al. [13] , sawmills were installed in the forest in the 1950s, and trees were harvested for commercial purposes. However, the decreasing number of stumps found beyond 3 km from the village probably related to transport economics, since O. europaea is heavy and transportation is very difficult, which often means that the wood has to be carried by hand. Surprisingly, the market price for O. europaea wood in Mekelle was lower than in the villages around Hugumburda Forest, possibly due to high demand for the species by the local communities living around the forest [13] . It is probable that the O. europaea wood sold at the wood market in Mekelle comes from many sources, and competition among suppliers may help to keep the prices for the wood relatively low. In turn, this could increase the likelihood of illegal harvesting in forests.
Despite the existence of rules and regulations that prohibit the harvesting of O. europaea in Hugumburda Forest, local people continue using the wood regularly. This was particularly the case in Kukufto village, and the reason might be that most of the forest guards were from the village of Hashenge, which is near the forest. Thus, it was relatively easy for the guards to identify who among the people living in the closest villages had cut the trees, and the people were afraid of being caught. The people in the farthest village, Kukufto, might have had less fear about harvesting O. europaea wood in the forest because few forest guards were enrolled from their village. Furthermore, we observed that there were more O. europaea wood merchants in Kukufto than at Shoko Majo market because most of the forest guards were from Hashenge, and therefore they could be stricter towards those living in villages nearer to them than could other guards. This, in turn, may be a reason why we found a low probability of O. europaea wood being obtained directly from the forest by the villagers in Hashenge. It may be a good idea to recruit guards from all villages surrounding the reserve to make the forest guarding more secured. However, forest guards are employed to look after the forest reserve and ensure that illegal harvesting does not occur. Clearly, they have not been entirely effective in this respect, and this may be due to a lack of sufficient resources for patrolling or because guards are corrupt or unwilling to stop low-intensity tree cutting carried out by their own neighbors [33, 34] . The level of patrolling necessary to stop all illegal harvesting may not be socially optimal [35] . Since the forest is at its secondary stage of development, which means it is dominated by small-sized woody species [13] , we would not encourage any harvesting in the forest except for non-timber forest products. In addition, for an effective guarding system, we recommend that the forest administration should consider equal representation of guards from all surrounding villages.
Conclusions
Illegal harvesting of O. europaea wood was observed in Hugumburda Forest for three main uses, fuel wood, fumigation, and farm implements, likely because the local people did not have an alternative source. The positive relationship between the harvesting rate and elevation showed a high frequency of harvesting in the forest at higher altitudes, where O. europaea is abundant. The estimated value of O. europaea biomass harvested illegally does not seem to degrade the population of this tree
